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[57] _ ABSTRACT 

A PIN photodiode is composed of a lower electrode 
deposited on a substrate, a photoelectric transducer of 
PIN construction deposited on the lower electrode, and 
an upper electrode deposited on the photoelectric trans 
ducer. A method of fabricating the PIN photodiode is 
also disclosed. All of electron-and-hole pairs generated 
in the photoelectric transducer in response to applica 
tion of light are biased by the lower and upper elec 
trodes. These electron-and-hole pairs are quickly 
picked up as a current between the electrodes for de 
tecting the light falling on the PIN photodiode. 

4 Claims, 5 Drawing Sheets 
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PIN PHOTODIODE AND METHOD OF 
FABRICATION OF THE SAME 

This application is a continuation of now abandoned 
application Ser. No. 714,493 ?led Mar. 21, 1988. 

BACKGROUND OF THE INVENTION 

The present invention relates to a photodiode having 
a PIN construction, and more particularly to a PIN 
photodiode having a high speed of response to light and 
method of fabrication of the same. 
One general PIN photodiode is described in “Hydro 

genated amorphous silicon PIN diodes with high recti 
?cation ratio” by Kouich Seki, et al in Journal of Non 
crystalline Solids, 59 & 60 (1983), pages 1179-1182, 
published by North-Holland Publishing Company. A 
general PIN photodiode will be described with refer 
ence to FIG. 1 of the accompanying drawings. 
FIG. 1 shows in cross section of a general PIN photo 

diode. In FIG. 1, a transparent substrate 11 is composed 
of a transparent substrate portion 12 such as of glass and 
a transparent conductive layer 13 deposited on the 
transparent substrate portion 12 and serving as a lower 
electrode. A PIN diode 14 serving as a photoelectric 
transducer comprises successive photoconductive layer 
s 15 through 17 such as of amorphous silicon (a - Si), the 
layer 15 being composed of a p-type a - Si layer, the 
layer 16 of an i-type (intrinsic) a - Si layer, and the layer 
17 of an n-type a - Si layer. An upper electrode 18 is 
disposed on the n-type a - Si layer 17 of the photocon 
ductive transducer 14. The upper electrode 18 has an 
electrode region lying inwardly of the regions of the 
lower photoconductive layers 15 through 17 in plan. 

Operation of the prior PIN photodiode shown in 
FIG. 1 will be described below. When light L is illumi 
nated through the transparent substrate 11 on the photo 
conductive transducer 14, electron-and-hole pairs are 
generated in the PIN diode 14 dependent on the inten 
sity of the light L and picked up as a current between 
the upper electrode 18 and the lower electrode 13. The 
PIN diode 14 is reverse biased, and substantially no 
current will flow between the electrodes when no light 
is illuminated on the PIN diode 14. Therefore, the illum 
ination of the light L can be detected by the current 
?owing between the electrodes 13, 18. 
As illustrated in FIG. 1, the peripheral edges of the 

region of the upper electrode 18 are retracted a distance 
1 inwardly from the peripheral edges of the photocon 
ductive layers of the PIN diode 14. This is because if the 
electrode 18 and the photoconductive layers 15 through 
17 were of the same size, a short circuit would occur 
between the lower electrode 13 and the upper electrode 
material which might be brought into contact with the 
electrode 13 due to a mask displacement when the 
upper electrode 18 is patterned after the photoconduc 
tive layers 15 through 17 have been patterned. Even if 
no mask displacement were caused, a leakage current 
between the electrodes 13, 18 would be increased 
through defects in the vicinity of the end faces of the 
photoconductive layers if the regions of the upper elec 
trode 18 and photoconductive layers 15 through 17 
were of the same size in plan, since the total thickness of 
the photoconductive layers 15 through 17 is about 1 pm 
at maximum. Such an increased leakage current would 
impair the characteristics of the PIN diode as an optical 
sensor device. 
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2 
For the reasons described above, the peripheral edges 

of the PIN diode 14 is spaced the distance 1 from the 
peripheral edges of the electrode 18. Since a region of 
the PIN diode 14 within the distance 1 from the periph 
eral edges is not in contact with the upper electrode 18, 
such a non-contacting region is not subjected to the 
biasing voltage between the electrodes 13, 18. Thus, no 
biasing voltage is impressed on electrons and holes 
generated in the photoconductive layers within the 
distance 1. It takes a long time for these electrons and 
holes to reach the electrodes 13, 18, and therefore the 
speed of response (response to light) of the current 
between the electrodes with respect to ON and OFF 
states of the incident light L is low. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to increase the 
speed of response to light by absorbing all of the elec 
trons and holes generated by application of light into 
upper and lower electrodes. . 

Another object of the present invention is to provide 
a PIN diode in which a surface protective ?lm is depos 
ited with good adhesion. 
According to the present invention, a PIN photodi 

ode comprises a substrate, a lower electrode conductive 
layer deposited on one surface of the substrate, a ?rst 
conductivity-type layer of amorphous semiconductor 
deposited in a predetermined region on the lower elec 
trode conductive layer, an intermediate layer of intrin 
sic amorphous semiconductor deposited on the ?rst 
conductivity-type layer over an entire surface thereof, a 
second conductivity-type layer of amorphous semicon 
ductor deposited on the intermediate layer partly over a 
surface thereof, an upper electrode conductive layer 
deposited on the second conductivity-type layer over 
an entire surface thereof, and an insulative protective 
?lm covering at least a portion of a surface of the upper 
electrode conductive layer. 
The above and other objects, features and advantages 

of the present invention will become more apparent 
from the following description when taken in conjunc 
tion with the accompanying drawings in which pre 
ferred embodiments of the present invention are shown 
by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross'sectional view of a conventional 
PIN photodiode; 
FIG. 2 is a cross-sectional view of a PIN photodiode 

according to a ?rst embodiment of the present inven 
tion; 
FIGS. 3(A) through 3(E) are cross-sectional views 

showing the progressive steps of fabrication of a PIN 
photodiode according to a second embodiment of the 
present invention; 
FIG. 4 is a cross-sectional view of a PIN photodiode 

according to a third embodiment of the present inven 
tion; 
FIGS. 5(A) through 5(F) are cross-sectional views 

showing the progressive steps of fabrication of a PIN 
photodiode according to a fourth embodiment of the 
present invention; and 

FIG. 6 is a cross-sectional view of a PIN photodiode 
according to a ?fth embodiment of the present inven 
tion. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The embodiments of the present invention which will 
be described below are directed to PIN photodiodes of 
the type which is illuminated with light through sub 
strates thereof. 
FIG. 2 shows in cross section a PIN photodiode 

according to a ?rst embodiment of the present inven 
tion. The PIN photodiode of FIG. 2 includes a transpar 
ent substrate 21 on which is deposited a transparent 
electrode 22 serving as a lower electrode conductive 
layer made of a conductive material known as ITO that 
is a mixture of indium oxide and tin oxide. Over the 
transparent electrode 22, there are successively depos 
ited a p-type a - Si layer 23 serving as a ?rst conductive 
layer, an i-type a - Si layer 24 serving as an intermediate 
layer, and an n-type a - Si layer 25 serving as a second 
conductive layer. The n-type a - Si layer 25 is formed in 
a region smaller a width than the p-type a - Si layer 23 
and the i-type a - Si layer 24. A metal electrode 26 
which is identical in shape to the n-type a - Si layer 25 
is formed on the n-type a - Si layer 
For fabricating the PIN photodiode of the above 

construction, the transparent substrate 21, the transpar 
ent electrode 22, the p-type a - Si layer 23, the i-type a 
- Si layer 24, the n-type a - Si layer 25, and the metal 
electrode 26 are ?rst formed in the structure as shown in 
FIG. 1. Then, using the metal electrode 26 as a mask, an 
exposed region of the n-type a - Si layer 25 which is 
located outside of the metal electrode 26 is etched away 
as in a gas plasma etching processing employing a CF4 
gas or other appropriate gas. The lower i-type a - Si 
layer 24 may more or less be etched in this etching 
process because the speed of response to light is the 
speed of movement of electrons and holes in the p-type 
a - Si layer 23 or the n - type a - Si layer 25 and hence 
is dependent largely on whether the p-type a - Si layer 
23 or the n-type a - Si layer 25 is in contact with the 
electrode or not, and the i-type a - Si layer 24 is not 
involved in the speed of response to light. 
An experiment was conducted on the PIN photodi 

ode of the ?rst embodiment and the conventional PIN 
photodiode for speeds of response to light. The results 
of the experiment are given in the table I below. In the 
experiment, a light-emitting diode which emits light of 
a wavelength of 650 nm was used as a light source, and 
repetitive light pulses that are ON for 10 msec. and 
OFF for 10 msec. were employed. The inventive and 
comparative PIN photodiodes used were fabricated as 
follows: The p-type a - Si layer 15 or 23 was formed to 
a thickness of about 150 A with a gas of B2H6/SiH4 (800 
ppm), the i-type a - Si layer 16 or 24 was formed to a 
thickness of about 1.5 pm with a gas of B2H5/SiH4 (0.5 
ppm), and the n-type a - Si layer 17 or 25 was formed to 
a thickness of about 1000 A with a gas of PH3/SiH4 
(2000 ppm). The metal electrode 18 or 26 was in the 
form of a circle having a diameter of 3 mm, with l=0.25 
mm. 

TABLE I 
Bias 0 V Bias ——3 V 

Conventional example 200 usec 120 usec 
lst-embodirnent example 50 nsec 6 nsec 

The table I shows that the time of response to light of 
the PIN photodiode of the ?rst embodiment is i of that 
of the conventional PIN photodiode at the biasing volt 
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4 
age of O V, and 1/20 of that of the conventional PIN 
photodiode at the biasing voltage of —3 V. 
With the ?rst embodiment, as described above, the 

region of the photosensitive element beneath the metal 
electrode, which region is out of contact with the metal 
electrode in plan and is not subjected to the biasing 
voltage, is removed. Therefore, all of the electrons and 
holes generated by application light ?ow effectively 
into the metal electrode and the transparent electrode 
under the applied biasing voltage to produce a current, 
so that the speed of response to light is much higher 
than that of the conventional PIN photodiode. 
FIGS. 3(A) through 3(E) illustrate in cross section a 

process of fabricating a PIN photodiode array accord 
ing to a second embodiment of the present invention. 
The PIN photodiode array of the second embodiment is 
composed of an array of individual PIN photodiodes 
according to the first embodiment. Since the PIN pho 
todiode array of the second embodiment is structurally 
the same as the PIN photodiode of the ?rst embodi 
ment, the PIN photodiode array will be described prin 
cipally with respect to the process of fabricating the 
same. 

In FIG. 3(A), a transparent substrate 31 is made of 
glass, synthetic resin, or other appropriate materials. 
The transparent substrate 31 is covered with a transpar 
ent electrode 32 serving as a lower electrode conduc 
tive layer and made of a light-transmissive conductive 
material such as an indium-tin oxide. Where the trans 
parent electrode 32 is made of an indium-tin oxide and 
a photosensitive element 33, described later, is made of 
a - Si, it is preferable to deposit the transparent elec 
trode 32 as a thin layer. After the transparent electrode 
32 has been deposited, the photosensitive element 33 is 
formed by depositing an a - Si layer (FIG. 3(8)). The a 
- Si layer may be formed at a low temperature ranging 
from 200 to 300 ° C. by decomposing a silane (SiI-I4) gas 
with a high-frequency glow discharge. In the process of 
forming the a - Si layer, the silane gas is mixed with 
diborane (BZH6) in the range of from 500 to 10000 ppm 
to deposit a p-type layer 34 serving as a ?rst conductivni 
ty-type layer to a thickness ranging from 100 to 2000 A, 
then the silane gas is mixed with diborane in the range 
of from 0 to 100 ppm to deposit an i-type intermediate 
layer 35 to a thickness ranging from 0.5 to 1.5 pm on the 
p-type layer 34, and ?nally the silane gas is mixed with 
phosphine ranging from 500 to 10000 ppm to deposit an 
n-type layer 36 serving as a second conductivity-tyne 
layer to a thickness in the range of from 100 to 2000 A 
on the intermediate layer 35. The photosensitive ele 
ment 33 of a - Si is thus deposited as a combination of 
the ?rst conductivity-type layer 34, the intermediate 
layer 35, and the second conductivity-type layer 36. 
Then, a metal for a second electrode, such as chro 

mium, Nichrome, molybdenum or aluminum, for exam 
ple, is evaporated on the a - Si photosensitive layer 33, 
and a metal electrode 37 is formed from the evaporated 
metal layer by a photolithographic etching process 
(FIG. 3(C)). 

Finally, with the metal electrode 37 used as a mask, 
the photosensitive element 33 is etched to form grooves 
38 to separate the element 33 into photodiodes. The 
grooves 38 reach from the metal electrode 37 to a cer 
tain depth in the intermediate layer 35. Therefore, the 
intermediate layer 35 and the p-type layer 34 are shared 
by the separated photodiodes. The metal electrode 37 
and the n-type layer 36 of each of the photodiodes sepa 
rated by the grooves 38 are of the same dimensions, i.e., 
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the contacting regions of the metal electrode 37 and the 
n-type layer 36 are identical in shape when viewed in 
plan or in a direction normal to the substrate. The n 
type layer 36 has an end face 360 facing the groove 38 
and lying substantially perpendicularly (ranging from 
70 to 90 degrees) to the plane of transparent substrate 
31. The side walls 350 of the intermediate layer 35 
which are formed by the grooves 38 ?are toward the 
transparent substrate 31 at an angle ranging from 30 to 
70 degrees. The grooves 38 can be etched by a cylindri 
cal plasma etching device, for example, in which a mix 
ture of CF4 and 3% to 15% of oxygen is used as an 
etching gas at a pressure in the range of from 0.1 to 1 
Torr (FIG. 3(D)). 

After the above etching process, a surface protective 
?lm 39 is deposited over the photosensitive element 33 
and the metal electrode 37 to protect the edges thereof 
against damage, thus completing a photodiode array 
(FIG. 3(C)). 
When light is illuminated on the photodiode array 

through the transparent substrate 31, the light falls on 
the photosensitive element 33 through the transparent 
substrate 31 and the transparent electrode 32 to gener 
ate carriers such as electron-and-hole pairs in the photo 
sensitive element 33 dependent on the intensity of the 
illuminating light. When a biasing voltage is applied 
between the transparent electrode 32 and the metal 
electrode 37, the generated carriers can be picked up by 
a photocurrent. 
An experiment was conducted on the PIN photodi 

ode of the second embodiment and the conventional 
PIN photodiode for speeds of response to light under 
the same conditions as those described in the ?rst em 
bodiment, the biasing voltage being -3 V. The results 
of the experiment are given in the following table II: 

TABLE II 
Conventional example 120 usec 
Znd-embodlment example 6 usec 

The table II shows the same experimental results as 
those of the PIN photodiode of the ?rst embodiment. 
With the .PIN photodiode array according to the 

second embodiment, the metal electrode serving as the 
upper electrode conductive layer and the photosensi 
tive element held in contact therewith are of the same 
shape, and the end faces of the second conductivity 
type layer of the photosensitive element are inclined 70 
to 90 degrees to the plane of the substrate. Electron 
and-hole pairs generated by illumination of light are 
absorbed into the electrodes by the applied biasing volt 
age. Therefore, the PIN photodiode array of the second 
embodiment has a higher speed of response to light than 
hat of the prior art photodiode. 

Furthermore, the side walls formed by the grooves 
de?ned by etching down to a certain depth in the inter 
mediate layer of the photosensitive element are inclined 
30 to 70 degrees with respect to the plane of the sub 
strate. The inclined side walls allow the surface protec 
tive ?lm to be deposited on the surfaces with good 
adhesion, and hence the photosensitive element and the 
electrode can be protected by the thin protective ?lm. 
The PIN photodiode array of the second embodiment is 
therefore advantageous in that the time required to 
deposit the surface protective ?lm is made much shorter 
than with the conventional photodiode. 
Although the ?rst conductivity-type layer and the 

intermediate layer are shared by the photodiodes, the 
second conductivity-type layers are separated respec 
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6 
tively for the photodiodes, and no roundabout photo 
currents flow from adjacent bits. 
FIG. 4 cross‘sectionally shows a PIN photodiode 

according to a third embodiment of the present inven 
tion. In the third embodiment, after layers up to an 
intermediate layer have been formed, they are covered 
with a protective ?lm, a window is de?ned in the pro 
tective ?lm, and a second conductivity-type layer is 
held in contact with the intermediate layer through the 
window. The construction of the third embodiment will 
be described with reference to FIG. 4. A transparent 
substrate 41 is made of quartz, glass, polyimide, or other 
appropriate materials, and covered with a transparent 
electrode 42 serving as a ?rst electrode layer made as of 
titanium oxide or zinc oxide. The transparent electrode 
42 may be made of a light-transmissive conductive ma 
terial such as indium-tin oxide. A photosensitive ele 
ment 43 may be formed of a - Si in the same process as 
in the conventional process. The photosensitive element 
43 is of a PIN construction composed of a p-type a - Si 
layer 44 serving as a ?rst conductivity-type layer, an 
i-type a - Si layer 45 serving as an intermediate layer, 
and an n-type a - Si layer 46 serving as a second conduc 
tivity-type layer. 

In the third embodiment, the second conductivity 
type layer 46 is deposited on the intermediate layer 45 
through a window 48 de?ned in a protective ?lm 47. 
This construction can be fabricated by depositing the 
protective ?lm 47 on the ?rst electrode layer 42, the end 
faces of the ?rst conductivitytype layer 44 and the 
intermediate layer 45, before the second conductivity 
type layer 46 is deposited, then de?ning the window 48 
by way of etching in a central protective film region 
spaced the distance 1 from the peripheral edges of the 
intermediate layer 45, and then depositing the second 
conductivity-type layer 46 through the window 48. The 
second conductivity-type layer 46 is disposed on the 
intermediate layer 45 as exposed in the window 48, the 
side walls of the protective film 47 in the window 48, v 
and peripheral edges of the protective film 47 around 
the window 48. However, the second conductivity-type 
layer 46 may be formed only within the window 48 in 
the protective ?lm 47. The second conductivity-type 
layer 46 is not held in contact with the intermediate 
layer 45 in a region 45a thereof extending within the 
distance 1 from the peripheral edges of the intermediate 
layer 45. Therefore, the protective ?lm 47 is formed 
over the non-contacting region 45a. The second con 
ductivity-type layer 46 may be of an appropriate thick 
ness. 

In the third embodiment, a metal electrode 49 serving 
as a second electrode layer is deposited on the second 
conductivity-type layer 46. The metal electrode 49 is 
formed by evaporating a suitable metal such as chro 
mium, Nichrome, molybdenum, aluminum, for exam 
ple, and patterned by a photolithographic etching pro 
cess. The metal electrode 49 and the second conductivi 
ty-type layer 46 may be patterned together or indepen 
dently. In any case, the second electrode layer 49 and 
the second conductivity-type layer 46 should be identi 
cal in shape and size when viewed in plan in the direc 
tion of the arrow A, or the region of the second conduc 
tivity-type layer 46 should be smaller than the region of 
the second electrode layer 49. The second conductivity 
type layer 46 is held in contact with the second elec 
trode layer 49 in the region in which the second con 
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ductivity-type layer 46 contacts the intermediate layer 
45 
When light is illuminated on the PIN photodiode 

through the transparent substrate 41, the light falls on 
the photosensitive element 43 through the transparent 
substrate 41 and the transparent electrode 42 to gener 
ate carriers such as electron-and-hole pairs in the photo 
sensitive element 43 dependent on the intensity of the 
illuminating light. When a biasing voltage is applied 
between the transparent electrode 42 and the metal 
electrode 39, the generated carriers can be picked up by 
a photocurrent. 
An experiment was conducted on the PIN photodi 

ode of the second embodiment and the conventional 
PIN photodiode for speeds of response to light under 
the same conditions as those described in the ?rst and 
second embodiments. The results of the experiment are 
given in the following table III: 

TABLE III 
Bias 0 V Bias -3 V 

Conventional example 200 itsec I20 usec 
Srd-embodiment example 50 psec 6 psec 

With the PIN diode of the third embodiment, the 
second conductivity-type layer is retracted a certain 
distance inwardly from the side edges of the intermedi 
ate layer and held in contact therewith only in its cen 
tral portion, and the second conductivity-type layer is 
held in contact with the metal electrode over its entire 
surface, the second conductivity-type layer and the 
metal electrode being in contact in the region smaller in 
plan than the size of the intermediate layer and the ?rst 
conductivity-type layer. Therefore, electron-and-hole 
pairs generated by illumination of light are absorbed 
into the electrodes by the applied biasing voltage, and 
the PIN photodiode array of the third embodiment has 
a higher speed of response to light than that of the prior 
photodiode. 

Since there is a dimensional difference between the 
metal electrode and the photosensitive element, the 
metal electrode is not in contact with the photosensitive 
element in the vicinity of end faces thereof. Thus, any 
leakage current ?owing through defects in the end faces 
of the photosensitive element is much smaller than that 
in the conventional PIN photodiode. As the protective 
?lm is deposited on the intermediate layer, there is only 
a small step, and the protective ?lm is deposited with 
good adhesion. 
FIGS. 5(A) through 5(F) illustrate in cross section a 

process of fabricating a PIN photodiode array accord 
ing to a fourth embodiment of the present invention. 
The PIN photodiode array of the fourth embodiment is 
composed of an array of individual PIN photodiodes 
according to the third embodiment. The PIN photodi 
ode array of the fourth embodiment will be described 
principally with respect to the process of fabricating the 
same. 

In FIG. 5(A), a transparent substrate 51 is made of 
glass, synthetic resin, or other appropriate materials. 
The transparent substrate 51 is covered with a transpar 
ent electrode 52 serving as a lower electrode conduc 
tive layer and made of a light-transmissive conductive 
material such as an indium-tin oxide. Where the trans 
parent electrode 52 is made of an indium-tin oxide, it is 
preferable to mix about 5% of tin oxide with an indium 
oxide, and evaporate the mixture by an electron beam 
or sputtering in an oxygen atmosphere. In particular, 

5 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
where a photosensitive element 53, described later, is 
made of a - Si, a tin oxide should be evaporated on an 
indium-tin oxide to provide a double-layer ?lm (FIG. 
5(A)). Then, a ?rst conductivity-type layer 54 and an 
intermediate layer 55 are deposited of a - Si on the 
transparent electrode 52. The a - Si layers may be 
formed at a low temperature ranging from 200 to 300° 
C. by decomposing a silane gas with a high-frequency 
glow discharge. In the process of forming the a - Si 
layers, the silane gas is mixed with diborane in the range 
of from 500 to 10000 ppm to deposit the p-type layer 54 
serving as a ?rst conductivity~type layer to a thickness 
ranging from 50 to 1000 A, then the silane gas is mixed 
with diborane in of 100 ppm or below to deposit the 
i-type intermediate layer 55 to a thickness ranging from 
0.5 to 1.5 pm on the p-type layer 54 (FIG. 5(B)). 

Then, an insulative surface protecting ?lm 57 is 
formed on the intermediate layer 55. Although the pro 
tective ?lm 57 may be formed as a ?lm of silicon oxide 
or alumina, for example, by sputtering, it is preferable to 
form the protective ?lm 57 in this embodiment by a 
glow discharge process since the glow discharge pro 
cess allows the protective ?lm 57 to be formed continu 
ously without exposure to air in the same glow dis 
charge device. In this process, the ?lm of silicon oxide 
(SiOx) may be formed of SiH4 and nitrous oxide (N20), 
and the ?lm of silicon nitride (SiNx) may be formed of 
SiH4 and ammonium (NH3) or SiH4. and nitrogen 
(NzXFlG- 5(C)) 

After the protective layer 57 has been formed, win 
dows 58 are de?ned in the protective ?lm 57 corre 
sponding to photodetectors by an ordinary photolitho 
graphic etching process (FIG. 5(D)). 

Thereafter, an n-type a - Si layer 56 serving as a sec 
ond conductivity-type layer is deposited on the interme 
diate layer 55 to a thickness ranging from 100 to 2000 A 
from a mixture of a silane gas and phosphine (PH3) in 
the range of from 500 to 10000 ppm. Then, an electrode 
material such as aluminum, chromium, or Nichrome is 
evaporated and etched to form an upper electrode con 
ductive layer or metal layer 59 (FIG. 5(E)). 
Using the patterned metal electrode 59 as a mask, the 

lower second conductivity-type layer or n-type a - Si 
layer 56 is etched into the same shape as that of the 
metal electrode 59. In general, this etching is effected 
by a dry etching process which employs a gas of carbon 
tetrachloride (CF4) with a few % of oxygen (02) added. 
Since in this process the speed at which the protective 
?lm 57 is etched is much lower than the speed at which 
the n-type a - Si layer 56 is etched, the protective film 57 
is not removed, but only regions of the n-type a - Si 
layer 56 which are located other than beneath the sec 
ond electrode 59 are removed. Therefore, there remains 
the second conductivity-type layer 56 which is of the 
same shape as that of the second electrode 59 as seen in 
the direction normal to the plane of the substrate (FIG. 
5(F)). 

Operation of the PIN photodiode of the fourth em 
bodiment is the same as that of the PIN photodiode of 
the third embodiment, and hence will not be described. 
The results of a comparative experiment conducted on 
the PIN photodiode of the fourth embodiment and the 
conventional PIN photodiode under the same condi 
tions as those of the second embodiment are shown in 
the following table IV: 

TABLE IV 
Conventional example 120 psec 
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TABLE IV-continued 
4th-embodirnent example 6 usec 

The table IV shows the same experimental results as 
those of the PIN photodiodes of the ?rst through third 
embodiments. 
With the PIN photodiode of the fourth embodiment, 

the second conductivity-type layer is composed of sepa 
rate layer sections, is held in contact over its entire 
surface with the second electrode in the range in which 
the second conductivity-type layer contacts the inter 
mediate layer. Therefore, a biasing voltage can be ap 
plied accurately, and a speed of response to light is 
increased. 

Since the ?rst conductivity-type layer and the inter 
mediate layer are shared by the photodetectors, the 
surfaces of these layers are flat and allow the surface 
protective ?lm to be deposited with good adhesion. As 
a consequence, the surface protective layer may be 
deposited at a reduced thickness and in a short period of 
time. 

Since the second conductivity-type layer sections are 
separated, no roundabout bit current flows between 
adjacent photodetectors, and accurate photocurrents 
can be picked up from the respective photodetectors. 
FIG. 6 shows in cross section of a PIN photodiode 

according to a ?fth embodiment of the present inven 
tion. A substrate 60 and a lower electrode conductive 
layer 61 disposed on one surface of the substrate 60 are . 
made of a transparent material for receiving illuminat 
ing light. A light shielding layer 62 is interposed be 
tween a photosensitive element 64 and the lower elec 
trode conductive layer 61. 
The substrate 60 may be formed of glass or quartz, 

while the conductive layer 61 may be in the form of a 
single layer formed of ITO or SnOz and two layers 
formed of ITO and SnO2, respectively. Then, the light 
shielding layer 62 having an opening or a light detecting 
window 620 de?ned therein is formed on the conduc 
tive layer 61. The light shielding layer 62 may be 
formed of either a conductive material or an insulative 
material. For example, the light shielding layer 62 may 
be deposited as by evaporating, sputtering, plating Ni 
chrome, chromium, molybdenum, stainless steel, or 
aluminum, for example, and then by forming the open 
ing 62 in the evaporated layer by a photolithographic 
etching process or a lift—off process. The photosensitive 
element 64 is formed over the opening 620 and a surface 
surrounding the opening 62a. Where the photosensitive 
element 64 is formed of a PIN diode, a p-type a - Si layer 
65, an i-type a - Si layer 66, and an n-type a - Si layer 67 
are successively deposited, in the order from the con 
ductive layer 61, by a glowdischarge decomposition 
process which employs a silane gas (SiH4) as a main gas. 
Then, an upper electrode conductive layer 68 is formed 
on the photosensitive element 64. 
When viewed in plane in a direction normal to the 

plane of the substrate 60, a region 68a in which the 
photosensitive element 64 and the upper electrode con 
ductive layer 68 are in contact with each other is equal 
to or greater than the side of the light detecting window 
620, and the light detecting window 62a is positioned 
directly below the contact region 68a or lies within the 
size of the contact region 680. For this purpose, the 
dimension k of the light detecting window 62a is equal 
to or smaller than the dimension d of the contact region 
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68a, and the light detecting window 62a is positioned 
within the size of the contact region 680. 
While the light shielding layer is placed on the lower 

electrode conductive layer, the light shielding layer 
may be placed on the surface of the substrate on which 
light falls, or may be interposed between the substrate 
and the lower electrode conductive layer. 
An experiment was conducted on the PIN photodi 

ode of the fifth embodiment and the conventional PIN 
photodiode for speeds of response to light under the 
same conditions as those described in the ?rst embodi 
ment, except that d=2.75 mm and k=2 mm. The results 
of the experiment are given in the following table V: 

TABLE V 
Bias 0 V Bias -3 V 

Conventional example 200 usec I20 usec 
Stir-embodiment example 50 psec <10 usec 

According to the fifth embodiment, light is prevented 
by the light shielding layer from entering a region indi 
cated by l where the photosensitive element and the 
upper electrode are not in contact with each other, and‘, 
electron-and-hole pairs which travel at a low speed are 
not generated in such a region. Since light enters 
through the light detecting window in the light shield 
ing layer into a photosensitive element region indicated 
by k which is subjected to a high electric ?eld, generat 
ing electron-and-hole pairs in that region, the speed of 
response to light is much higher than that of the con 
ventional PIN photodiode. 

In the ?rst through ?fth embodiments, the p-type a - 
Si layer and the n-type a - Si layer in the PIN construc 
tion may be switched around with respect to their con 
ductivity types. 
While in the ?rst through ?fth embodiments the PIN 

photodiode is of the type in which light falls on the 
substrate, the present invention may be of the type in 
which light falls on the upper electrode conductive 
layer.,With such an alternative, the substrate and the 
lower electrode conductive layer are niade of a material 
which is not light transmissive, and the upper electrode . 
conductive layer is of a transparent material in the ?rst 
through fourth embodiments. In the ?fth embodiment, 
the substrate, the lower and upper electrode conductive 
layers are formed in the same manner as the ?rst 
through fourth embodiments, and the light shielding 
layer is disposed over the PIN construction. The light 
shielding layer can be achieved by forming the protec 
tive film of a non-light-transmissive material. 
Although certain preferred embodiments have been 

shown and described, it should be understood that 
many changes and modi?cations may be made therein 
without departing from the scope of the appended 
claims. 
What is claimed is: 
1. A PIN photodiode comprising; 
(a) a substrate formed of a radiation-transmissive 

material; ‘ 

(b) a lower electrode conductive layer of a radiation 
transmissive material deposited on one surface of 
said substrate; 

(c) a ?rst conductivity-type layer of amorphous semi 
conductor deposited on a portion of one surface of 
said lower electrode conductive layer opposite to a 
surface thereof facing said substrate; 

(d) an intermediate layer of intrinsic amorphous semi 
conductor deposited on all of one surface of said 
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?rst conductivity-type layer opposite to a surface 
thereof facing said lower electrode conductive 
layer; 

(e) a second conductivity-type layer of amorphous 
semiconductor deposited on a portion of one sur 
face of said intermediate layer opposite to a surface 
thereof facing said ?rst conductivity-type layer 
such that opposed lateral edges of said second con 
ductivity-type layer are located inwardly of op 
posed lateral edges of said intermediate layer; 

(0 an upper electrode conductive layer deposited on 
all of a surface of said second conductivity-type 
layer opposite to a surface thereof facing said inter 
mediate layer, said second conductivity-type layer 
and said upper electrode conductive layer being 
separated into a plurality of sections by insulative 
regions which extend into said intermediate layer 
thereby dividing said second conductivity-type 
layer and said upper electrode conductive layer 
into said plurality of sections; and 

(g) an insulative protective ?lm covering at least a 
portion of a surface of said upper electrode con 
ductive layer opposite to a surface thereof facing 
said second conductivity-type layer. 

2. A PIN photodiode comprising; 
(a) a substrate; 
(b) a lower electrode conductive layer deposited on 
one surface of said substrate; 

(0) a ?rst conductivity-type layer of amorphous semi 
conductor deposited on a portion of one surface of 
said lower electrode conductive layer opposite to a 
surface thereof facing said substrate; 

(d) an intermediate layer of intrinsic amorphous semi 
conductor deposited on all of one surface of said 
?rst conductivity-type layer opposite to a surface 
thereof facing said lower electrode conductive 
layer; 

(e) a second conductivity-type amorphous semicon 
ductor deposited on a portion of one surface of said 
intermediate layer a portion of one surface of said 
intermediate layer opposite to a surface thereof 
facing said ?rst conductivity type layer such that 
opposed lateral edges of said second conductivity 
type layer are located inwardly of opposed lateral 
edges of said intermediate layer; 

(f) an upper electrode conductive layer of a radiation 
transmissive material deposited on all of a surface 
of said second conductivity-type layer opposite to 
a surface thereof facing said intermediate layer, 
said second conductivity-type layer and said upper 
electrode conductive layer being separated into a 
plurality of sections by insulative regions which 
extend into said intermediate layer thereby divid 
ing said second conductivity-type layer and said 
upper electrode conductive layer into said plurality 
of sections; and 

(g) an insulative protective ?lm covering at least a 
portion of a surface of said upper electrode con 
ductive layer opposite to a surface thereof facing 
said second conductivity-type layer. 

3. A PIN photodiode comprising: 
(a) a substrate formed of a radiation-transmissive 

material; 
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(b) a lower electrode conductive layer of a radiation 

transmissive material deposited on one surface of 
said substrate; 

(c) a ?rst conductivity-type layer of amorphous semi 
conductor deposited on a portion of one surface of 
said lower electrode conductive layer opposite to a 
surface thereof facing said substrate; 

((1) an intermediate layer of intrinsic amorphous semi 
conductor deposited on all of one surface of said 
?rst conductivity-type layer opposite to a surface 
thereof facing said lower electrode conductive 
layer; 

(e) a second conductivity-type layer of amorphous 
semiconductor deposited on a portion of one sur 
face of said intermediate layer opposite to a surface 
thereof facing said ?rst conductivity-type layer 
such that opposed lateral edges of said second con 
ductivity-type layer are located inwardly of op 
posed lateral edges of said intermediate layer; 

(f) an upper electrode conductive layer deposited on 
all of a surface of said second conductivity-type 
layer opposite to a surface thereof facing said inter 
mediate layer, said second conductivity-type layer 
and said upper electrode conductive layer being 
separated into a plurality of sections by insulative 
regions which extend into said intermediate layer 
thereby dividing said second conductivity-type 
layer and said upper electrode conductive layer 
into said plurality of sections; and 

(g) an insulative protective ?lm covering an entire 
surface of said upper electrode conductive layer. 

4. A PIN photodiode comprising; 
(a) a substrate; 
(b) a lower electrode conductive layer deposited on 

surface of said substrate; 
(c) a ?rst conductivity-type layer of amorphous semi 

conductor deposited on a portion of one surface of 
said lower electrode conductive layer opposite to a 
surface thereof facing said substrate; 

(d) an intermediate layer of intrinsic amorphous semi 
conductor deposited on all of a surface of said ?rst 
conductivity-type layer opposite to a surface 
thereof facing said lower electrode conductive 
layer; 

(e) a second conductivity-type layer of amorphous 
semiconductor deposited on a portion of one sur 
face of said intermediate layer opposite to the sur 
face thereof facing said ?rst conductivity-type 
layer such that opposed lateral edges of such sec 
ond conductivity-type layer are located inwardly 
of opposed lateral edges of such intermediate 

(0 an upper electrode conductive layer of a radiation 
transmissive material deposited on all of a surface 
of said second conductivity-type layer, said second 
conductivity-type layer and said upper electrode 
conductive layer being separated into a plurality of 
sections by insulative regions which extend into 
said intermediate layer thereby dividing said sec 
ond conductivity-type layer and said upper elec 
trode conductive layer into said plurality of sec 
tions; and 

(g) an insulative protective ?lm covering an entire 
surface of said upper electrode conductive layer 
opposite to a surface thereof facing said second 
conductivity-type layer. 


